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Bcschrcibung 



[0001J Verwcodung von G-CSF (GranoloZyten Colony 
Stimulating Factor) zur Hcrsicllung pharmazcutjscher Pra- 
paraie mil ncuroproiekii ver Wirkung zur Behandlung akUTer 5 
Ischaroicn. 

[0002] Der Schlaganfall (Apoplcxia cerebn) isi die dnu- 
hSnfigslc Todesursache in den wcstlichen Indusuiclandern, 
zahlt zu den fdhrenden Ursachen dauerudor InvaUdiiai und 
PflegebcdurAigkeii und daniii - okonomisch beirachtet - zu \Q 
dcr icuereicG Krankhcitsgruppe iibcrhaupi. Zur Zcit crteiden 
in Deutschland ciwa 150.000 Einwohner pro Jahr cinen 
Schlaganfall, davon sterben ) 5-20 Prozent dcr Patienten in- 
nerhalb dcx ersten vicr Wocbcn. Nur ocwa cin Dcittcl dcr 
Ubcrlcbcnden Paticnien erholt sicb ohnc grotiere bleihende is 
Behiodorung, wahrend ebenralls cin Driuel dutch Lahmun- 
gen odor andere neurologische Ausfcitte daucrhafl schwer 
behindert blcibt. Bei 80 Prozeni. der Paticnien liege dem 
Schlagaafall einc Durchblutuogsstfirung mil nachfolgender 
Ischamie in einem umschriebencn GcMterritorium ZU- 20 
grunde. Zu Durchbluiungssiorungcn im Gehirn kommt es 
mcist enrweder makroangiopadnsch durch TbroaibernDo- 
uen bzw. bamodynamiscbe Stromungsverlongsarnungcn 
Oder mikroangiopathiscb durch eine bluidruckbedirigic Ar- 
te riosklcrosc dcr kUincn T intrazcrcbrujen Endartcricn. Dabei 2S 
bcglinsugen eine Reihc von Risikofaktoren das Auftrctcn ei- 
nes Schlagaafalles. Dies sind insbesondcrc die arccrielle Hy- 
pertoniCv zahlrcichc Herzerkrankungcn, die mil cincro er- 
hdhlen Embolierisiko vcrbunden sind - vor allem das Vor- 
hofOiDimerT) dcr Diabetes incUicus, ZigaretUinraucben, 30 
Blulgerinaung&siorungcn ond zu einem geringeren Aatcil 
die Hypercbolesteiina*mio. Durch embolischen oder Lokal 
thromboiischen Vcrschluss einer der groQen hirnversorgen- 
den Artcritn emstchen die Territorialinfarkte, d. h. Infarkie, 
die eio unwchricbcncs Gcbietinncrhalb des Vcrsorguogsbc- 3S 
reiches cincr besiimmtcn Hiraarterie betrifft. Am haufigsten 
isi dabei das Versorgungsgcbici der Arteria cerebri media 
betroficn, cm Mcdiaicrritorialinfurki mil cincro eotsprc- 
chenden "Mediasyndrom" enrsteht. Dies ist auch die baufig- 
sie Manifestation does Scalaganfalles uberhaupt. Bishcr isi 40 
nur bei ausgewatihen Paucnten cine thrombolytiache Thera- 
pie erfolgvcrsprechend. In der lemen .Tahren hai sich durch 
ncuc paihophysiologische Erkenntnissc und Metboden die 
Diagnosuk und Therapie akuter zerebralcr Iscbaniien crhcb- 
lich gewandclL Die Thrombolysc bidet die Moglichkeii zur 45 
therapcUuschen IntervcnUon innerhalb cines "IherapeUti- 
schen Fenstcrs* von 3 bis 6 Stuoden nach Infarktercignis. 
Ziel isi die n±aebe Auflosung des GefaBvorSchluases und da- 
niii die Wicdcrbcrticllung dcr zcrebrolen Durchblutung uod 
Vcrbesseruog der neurologischen Syn^ptomatik. Dies basien 50 
auCder paihophysiologischen VbrscelluDg. dass die Wicdcr- 
er^ffnung cines vcrs^hlosacncn zerebralen GfcfBBcs den Er- 
hah hypopeTfundierten, rovcrsibel geschadiglcn Mirngewo- 
bes (der sogenanmen ischamische Penumbra), und damit die 
Wicderhcrstcllung neuronalcr Funkiioncn unicrsiOczt. Bis- S5 
her konn diese Behandlung allerdings nut in ausgewiesenen 
neurologischen Zencrcn ducchgefUhn wcrden. Auch die Zu- 
lussung von rt-PA beim Schlaganfall in DeuischUnd stehi 
noch aus. Die Lyscihcrapie nach 6 Siunden gilt als beson- 
ders nebenwirkungsreich (crbohie Zahi intrakranieUer Blu- 60 
uingcn) und solite daher unterbieiben. Andere Therapiever- 
fahrcn sind zur 2cit nicht cvaluien. Moaicntan werden ver- 
schiedene andere Subsionzen unujrsuchl. Hier sind vor al- 
lem sog. Wachsiumsfakiorca (bFGF) und Pharm&ka, die die 
Thromboyyicnadbsision blockicren (anri-GP Ilb/na, Abcizi- 65 
mab), zu nennen. In den Ictzten Jahren wurden zahlreiche 
neuroprotcktive Substanzco in klinischen Studien unter- 
iucht. Leider konnie keine dicscrbisher getestetcn Subscan- 



zen, die sSmdicb im TVi-modell ncuroprotekliv wirktcn, in 
der klinischen Praxis ibren Nuizen bewcisen. Vbr aUcmdic 
GLutamac-AntagonisUin, freie Radikalenfangcr und NMDA 
Antagonisteo bliebon ohoe klinischen Nuoxn, oder zcigtcn 
bn Gegenteil sogar erheblichc Ncbenwirkungcn, die den kh- 
niscben llinsatz onmftgUch machen (Psycbosen ecc.). An- 
dere Subslaozen, die die LeukozytUre WandadhUsion hem- 
mcn (antl-TCAM-1) oder dec Inhibitor der Gluiamat-vcrfnii- 
teltco NO Synthetase (Lubeluzol) blieben ohnc positives 
Effeki. 

10003] Aufgabc dcr Hrundung ist die Folgcn cincr akuicn 
Ischamie zu Undem oder zu beseitigen durch Verabreichung 
von Substanzen mit ncuroprotekiivcr Wirkung. Diese Auf- 
gabe wird durch das Verfahrcn mil den Mcrkmalen des An- 
spruches 1 geldsl. 

(0004] Die Verwcndung von O-CSP (Granulozytco Co- 
lony Stimulating Factor) zur HersLeUung phannazeudscher 
PrUparaie mit ncuroproiekdvcr Wirkung zur Behandlung 
akuter I^chamien steUt cinen erfolgrcichen Thexapieansaiz 
nuttcls neuroprotekdver Wachsrumsfaktoren dar. 
[0005) G-CSF. engHsche Abkurzung fiir "Granulocyte 
Colony Stimulating Factor (G-CSD\ regulicn als endoge- 
oer, harnatopoetischer Wachscumsfaktor die Reitung, Proli- 
r^^i^n nin*AreT\xierunt! von nculroohilen Granulozy- 



feraiion un4 Dltrerenziexung von nculrophilen Granulozy- 
ten. Cj-CSV wird naflrlicherwcisc von verschicdcncn Mono- 
zyten, Mokrophagen und T-Lymphozyien als Glykoproiein 
gcbildet und zu den Cytokincn geziihlt. G-CSF wird als re- 
kombinflnter humancr Faktor HlgrasUm (Ncupogcn«/l"trma 
Amgen GmbH, CAS-Nr. 121181-53-1) bcrciis zur Behand- 
lung von Neutropenien und ncutropenischem Fieber eingc- 
sctzt Wciicre rekombinanie humane G-CSF sind Lenogras- 
um ond Molgramostim. Bine neuroprotcktive Wirkung von 
G-CSF wurde bishcr nocb nicht beschricben. 
[0006] An 24 Wistarrautn wurde durch das international 
anerkanntc FadcnmodcU nach Longa ct al cine 90 cuinUiigc 
Ischaraie induziert 30 Minuicn nach Ischamieindukrion 
wurden 12 Ratten (□ = 12) 2 ml NaCl imraven6s Obcr insge- 
satul 90 ruin infundicri; diese dicnicn als KontrollgrUppe 
(K). Die Therapiegruppe (T, n - 12) erhieU Uber dcnselben 
Zoitraum 20 Mikrogramm O-CSF in 2 ml NaQ gelosu Vor 
Iachamieinduktion und I, 2, 3, 4 und 24 Slundcn danach 
wurde minds HLTSA (Biosourcc Burope, Fleurus, Bclgien) 
die Konzentration von Inierlcukin 1-beia. IL-2, BL*6 und IL- 
10 bestimnu. Nacb 24 Stunden wurden die Gchirne eninom- 
men und von frontal 5 Himschnitie mil 2 mm Dicke ange- 
fertigi- Miucis TTC-Fa^rbuag wurde anhand von Scbnitt 1, 2. 
4 und 5 die lufarkt- und HirnSdemgrosse besdmmt Schnilt 
3 wurde wciier histologisch aurgearbcitci. Urn die zerebralc 
Invaflioa mit neurrophUen Granulozyten nachzuweisen, 
wurde cine MyetopcroxidasefarbungMPO (DAKO, Carpin- 
teria, CA, USA) durchgefUhri. Durch Zugabe eines Anti-G- 
CSF-Andkdrpcra sollten Hinweise aul* cine bisber noch 
nicht beschricbonc Exiswjnz des G-CSF-Rezepcors geFunden 
werden. 

(0007] ZerobcUarc Gronulazcllcn wurden von P7-Mauscn 
gewonncn und nach eincra ctahlierten Zellkulturmodell auf- 
gearbcitct und gezilchtct. Nach 7 Tagen wurden die Cranu- 
lay^Uen mit G-CSF behandell und nach 30min Gluiamai 
zugegeben. Um die Oberlcbensratc dcr Zellen zu iesicn p 
wurde 3-(4,5-Dirnethylthiazol-2-yl)-2^-diphenylieira7oU- 
unibromid (MTT, Sigma, MUnchcn) 2 Surndco nach Glutn- 
uiautimularlon applizien. Nach wciicren 4 Stunden wurden 
die Zellen mil 1% SDS lysicn, Die Proben wurde bei 
590 am opriscnor Dichie gemosscn. Des weitercn wurde 
milieu; einer PCR der G-CSF-Rezeptor nachgewiesen wer- 
den. Dazu wurde aus Mausegehimen RNA ejttrahiert (RNA- 
IriL AGS, Heidelberg). \0 Mikrogramm RNA wurden mit 
MMLV reverser Transkripiase transkribicn. FUr die PGR 
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wurdcn Primer von Kxon 5 und 7 des G-CSV-Rczcptors be- 
nulzl (AShihara, 1997). Die siacisusche Analyse erfolgtc fur 
das Tlcit5?iperimcnt nach Anova mit Bonrcrroni-Korrcktut 
fur multiple Uruppen. 

fOOOSl Kontroll- und Therupiegruppc unterschieden atch a 
nicht in den gemessenen physiologischen Paralnetern 
(BOA, HKT, Blutdruck und Korpcrgewichi). Nach 24 Stuo- 
den wurde eine Icichte Erhbhung dor irn Blut vorhandenen 
neuirophilen Granulozytcn fesigestclli, die nicht significant 
war. Die InfarkigroBc in den TTC-Schnitten bcirug fur die 10 
G-CSF-bchandclte Gruppc (T) 0,7% +t-6J% (o 12) des 
Gesaralhirnvolumens und war damn significant (p < 0,05) 
gcringer als die der Kontrollgruppe mit 22,7% +h$$% (n = 
12), Das crrcchDctc Hkmddcm war mil 4,7% 6,6% in der 
G-CSF-Gruppe ebenfalts signinkam (p < 0,05) gcringer als 15 
in der nieht-behahdclien Gruppc mic +/-6,1%- FOr 

ulle gemessenen Imerleukine bis auf IL-2 konnten sigoifi- 
kant geringere Serumwcrtc in der G-CSF-Gruppe nachge- 
wiesen weiden (p < a05). In der histologiscben Auswertung 
des Hirnsehnities 3 konnie bei der MPO-Farbirog £Ur beide ao 
TIcrgmppen lediguch eine Zunahme der Invasion van neu- 
trophils Gnmulozyien festgcslcUx werden. die nut der 
GroBe des Infarkies zunahm. Sigmnkanto Uoterscbiedc 
wurden nichi beobachtet An den Hiroschniitcn konnie die 
Bindung von a/iu-Rczcptor-G-CSF sowohl an Neuroncn als 15 
auch an Axonen und Dendriien nachgewiesen werden. Id 
der Zellkuliur konme cine significance Abnahme dos Zcllun- 
tcrgangs bcobachiet wcrdc. Dicscr Effekt nahro wit stcigCQ- 
der G-CSF-Dosis zu. Die PCR wies durch PT-PCR den 
Mausrezcpior im Ilirngcwebe nach. Das PCR-Produki harte ao 
die erwanete GrOBe von 567 bp unci wurdc durcb PCR-Se- 
quenzicrung verifWcrt. 

(0009] Die Ergebnissc 2eigen, dass G-CSF neuroproiek- 
tivc Eigenschaften beslizL Dicse komuen sowohl im Hctca- 
perimcni fiber cine Vcrminderuag des Ini'arkiarrcals und 35 
HirnWcms in der G-£SF-behandeltcn Groppe als aueb an 
der ZcJlkuloir durch einen miiccls G-CSF vermindenem 
Gluiamatschadcn bewicsen werden. Wirlancchanismcn be- 
stehen in einer Aktivicrung des intrszerebralen G-CSF-Re- 
zeptors > und eine Vextirinderung bcslimmter Intcrleukine, 40 
die in die Entziindungsvorgangc bei zerebralcr Ischarme 
eingreifen. Da G-CSF endogen produzieri wird, einen zevc- 
bralen Rczcpior besirzi und neuroprotekiive Eigeoschaften. 
aufweist, reihi cs sich in die Reihe der Ncuroirophine wie 
BDNF» IGF und NGF cin. Nebenwirkungen konnie in uose- *5 
rem Experiment nichi fesigesicllt werden. 
(.0010) Da G-CSF cin seit mehxeren Johren etablicrtcs Me- 
dikameni mit geringer Nebenwirkungsrale isu emhali uo- 
scrc AnwcndungsmOglichkeiL bei zcrebraler Ischarnic eine 
groScprakdscheRelevanz. CJ-CSF stelU einen wifkungsvol- 50 
len pharmazeurischen Wirkswff fdr die bisher unbefriedi- 
gende SchlaganfaUthcropic dar. 

PaieniODSprUchc 

1 . Verwcndung von G-CSF (Granulozytcn Colooy Sti- 
mulating Factor) zur Hcrsiellung phantiozeutischer 
Priiparaie mil neuroprotokliver Wirkung zur Behand- 
lung akuier Ischamien und neurodegeneradvcr Brkran- 

% Verwendung nach Anspruch 1, dadurch gekenn- 
zeichocu dass G-CSF ein PoLypcpiid und/odcr cin Gly- 
coprotein ist, und/odcr cin Deri vat und/oder eio Ana- 
loga von G-CSF isc, welches Granulocyten ZeUkoionie 
biimuucrendt: Akliviiai hal. 

3, Verwendung nach Anspruch 1 und 2, dadurch gc- 
kcnnzeichnei, dass G-CSF cniweder chemi-jch-symhe- 
dsch (2. B. Derivate, Analoga, Isomere) und/oder re- 
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kombinant hcrgesicllt und/oder aus G-CSF bildenden 
Zelien isoUert wird. 

4. Verwendung nach Anspruch 1> dadurch gekenn- 
zcichoei, dasa akuto Ischamien wic z. B. bei Apoplc- 
xie, Schadel-Him-Trauma oder Tumorcn behandclt 
wei'den. 

5. Verwendung nach Anspruch 1, dadurch gekenn- 
zeichnet, daa«5 neurodegenerative Brkranknngcn Wie 
z. B. Parkinson, Alzheimer behandcJt werden. 

6. Verwendung nach Anspruch 1, dadurch gekcrm- 
zeichnot, dass das pharma2eudschc PrBparal fest, flDs- 
sig oder aerosolanig (z. B. Spray) ist. 

7. Ilandclspackung eaihalLend ein G-CSF haltiges 
pbarmazeutischc6 Praparal 2usammcn mil Instruktio- 
nen Oir die Verwendung von G-CSF bei der ncuropro- 
lektivcD Behandlung von akuter Ischarnie Oder neuro- 
degencrativen Erkrankungeo. 
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Description 



[0001 J The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias. 
[00021 Strokes (apoplexia cerebri) are the uiird-most common cause of death in the western 
industrial countries. They are also one of the leading causes of permanent disability and need for 
nursing care and so - from the economic viewpoint - they constitute one of the most costly 
groups of diseases of all. In Germany, approximately 150,000 persons per year can now be 
expected to suffer a stroke. Of those, 15 to 20 per cent die within the first four weeks. Only about 
one third of the surviving patients recover without serious lasting hindrance, whereas another 
third becomes permanently severely hindered by paralyses or other neurological conditions. In 
80 per cent of the patients, the stroke results from a blood circulation disorder with subsequent 
ischemia in a local vascular territory. Blood circulation disorders in the brain are usually caused 
either macroangiopathically by thromboembolisms or hemodynamic retardation of blood flow, 
or microangiopathically in the small, intracerebral endarleries due to arteriosclerosis caused by 
blood pressure. In this context, the occurrence of strokes is favored by a series of risk factors, 
especially high arterial pressure, numerous heart diseases, which are associated with increased 
risk of embolisms - especially atrial fibrillation - diabetes mellitus, cigarette smoking, blood 
coagulation disorders and, to a lesser extent, high blood cholesterol. Embolic or thrombotic 
occlusion of one of the large arteries that supply the brain lead to territorial infarctions, which 
affect a local zone within the blood supply area of a given cerebral artery. The most frequent 
case is that of the supply area of the middle cerebral artery, involving a medial territorial 
infarction with corresponding "medial syndrome". This is also file most frequent of all 
manifestations of a stroke. Heretofore thrombolytic therapy has been promising only for selected 
patients. In recent years the diagnosis and therapy of acute cerebral ischemias has changed 
considerably due to new pathophysiological knowledge and methods. Thrombolysis offers the 
possibility of therapeutic intervention within a "therapeutic window" of 3 to 6 hours after an 
infarction has occurred. The objective is rapid resolution of the vascular occlusion and thus 
restoration of the cerebral blood circulation and improvement of the neurological symptoms. 
This is based on the pathophysiological idea that reopening of an occluded cerebral vessel 
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supports the preservation of hypoperfused, reversibly damaged brain tissue (otherwise known as 
ischemic penumbra) and thus restoration of neuronal functions. Heretofore, however, this 
treatment has been possible only in accredited neurological centers. Even the approval of rt-PA 
for strokes is still pending in Germany. Lysotherapy after 6 hours appears to lead to a 
particularly large number of adverse effects (increased number of intracranial hemorrhages) and 
should therefore be avoided. Other therapeutic procedures have not yet been evaluated. For the 
time being, various other substances are being investigated. They include in particular growth 
factors (bFGF) and drugs that block thrombocyte adhesion (anti-GP Ilb/IIa, abcizimab). In recent 
years, numerous neuroprotective substances have been investigated in clinical studies. 
Unfortunately, although all of these substances tested so far have exhibited neuroprotective 
effects in animal experiments, none has shown any benefits in clinical practice. In particular, the 
glutamate antagonists, free radical scavengers and NMDA antagonists have not exhibited any 
clinical benefits, or to the contrary have even caused considerable adverse effects, which make 
clinical use impossible (psychoses, etc.). Other substances that prevent adhesion of leukocytes to 
vessel walls (anti-lCAM-1), or the inhibitor of glutamate-mediated NO synthetase (Lubeluzol) 
have not exhibited positive effects. 

|0003J The object of the invention is to alleviate or eliminate the consequences of acute ischemia 
by administration of substances with neuroprotective effect. This object is achieved by the 
method having the features of claim 1 . 

[0004] The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias 
represents a successful therapeutic approach based on neuroprotective growth factors. 
|0005J G-CSF, the English abbreviation for "granulocyte colony stimulating factor (G-CSF)", is 
an endogenous, hematopoietic growth factor that regulates the maturation, proliferation and 
differentiation of neutrophilic granulocytes. G-CSF is formed naturally as a glycoprotein by 
various monocytes, macrophages and T-lymphocytes, and is a member of the cytokines. G-CSF 
is already being used as the recombinant human factor known as filgrastim (Neupogen®/Amgen 
GmbH, CAS No. 121 181-53-1) for the treatment of neutropenias and neutropenic fever. Further 
recombinant human G-CSFs are lenograstim and molgramostim. Heretofore a neuroprotective 
effect of G-CSF has not been described. 
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[0006] Using the internationally recognized thread model according to Longa et al., a 90-minute 
ischemia was induced in 24 Wistar rats. 30 minutes after ischemia induction, 1 2 rats (n = 12) 
received an intravenous infusion of 2 ml of NaCl within 90 minutes in total; these were classified 
as the control group (K). The therapy group (T, n = 12) received 20 micrograms of G-CSF 
dissolved in 2 ml of NaCl over the same period. Before ischemia induction and 1, 2, 3, 4 and 24 
hours thereafter, the concentrations of interleukin 1-beta, IL-2, IL-6 and IL- 10 were assayed by 
ELISA (Biosource Europe, Fleurus, Belgium). After 24 hours the brains were excised and 5 
frontal brain sections of 2 mm thickness were prepared. The size of the infarction and cerebral 
edema was determined by TTC staining of sections 1, 2, 4 and 5. Section 3 was subjected to 
further histological conditioning. In order to demonstrate the cerebral invasion with neutrophilic 
granulocytes, myeloperoxide (MPO) staining was performed (DAKO, Carpinteria, CA, USA). 
By addition of an anti-G-CSF antibody, it was attempted to find indications of the existence of 
the G-CSF receptor, which has not been described heretofore. 

[0007] Cerebellar granulocytes were obtained from P7 mice and conditioned and cultured 
according to an established cell-culture model. After 7 days the granulocytes were treated with 
G-CSF, then glutamate was added after 30 minutes. In order to test the survival rate of the cells, 
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, Munich) was 
applied 2 hours after glutamate stimulation. After a further 4 hours, the cells were tysed with 1% 
SDS. The optical density of the samples was measured at 590 nm. In addition, the G-CSF 
receptor was detected by means of PCFL For this purpose, RNA was extracted from mouse 
brains (RNA kit, AGS, Heidelberg). 10 micrograms of RNA was transcribed with MMLV 
reverse transcriptase. For the PCR, primers of exon 5 and 7 of the G-CSF receptor were used 
(Ashihara, 1997). The statistical analysis for the animal experiment was performed according to 
Anova with the Bonferroni correction for multiple groups. 

[0008J The control and therapy groups did not differ in the measured physiological parameters 
(BGA, HKT, blood pressure and body weight). After 24 hours, a slight but non-significant 
elevation of the neutrophilic granulocytes present in the blood was observed. The infarction size 
in the TTC sections was 6.7% ± 6.7% (n - 1 2) of the total brain volume for the group (T) treated 
with G-CSF, and thus was significantly (p < 0.05) smaller than that of the control group with 
22.7% ± 6.3% (n = 12). The calculated cerebral edema was also significantly (p < 0.05) smaller 
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(4.7% ± 6.6%) in the G-CSF group than in the untreated group (12.0% ± 6.1%). For all measured 
interleukins except IL-2, significantly lower serum levels were found in the G-CSF group (p < 
0.05). In the histological evaluation of brain section 3 after MPO staining, only an increase - 
which became larger with infarction size - of the invasion of neutrophilic granulocytes was 
found for both animal groups. Significant differences were not observed. In the brain sections, 
binding of anti-receptor G-CSF not only to neurons but also to axons and dendrites was detected. 
In the cell culture, a significant decrease of cell death was observed. This effect became more 
pronounced with increasing G-CSF dose. By means of PT-PCR, the PCR revealed the mouse 
receptor in the brain tissue. The PCR product had the expected size of 567 bp and was verified 
by PCR sequencing. 

(0009] The results show that G-CSF has neuroprotective properties. These were demonstrated 
both in the animal experiment, through a reduction of infarction area and of cerebral edema in 
the group treated with G-CSF, and in the cell culture, where glutamate damage was reduced by 
means of G-CSF. The mechanisms of action comprise activation of the intracerebral G-CSF 
receptor and reduction of certain interleukins, which contribute to inflammation processes in 
cerebral ischemia. Since G-CSF is produced endogenously, has a cerebral receptor and exhibits 
neuroprotective properties, it is a member of the neurotrophin series, such as BDNF, IGF and 
NGF. Adverse effects were not found in our experiments. 

[0010] Since G-CSF is a drug that was established several years ago and that has few adverse 
effects, our ability to use it for cerebral ischemia has great practical relevance. G-CSF represents 
an effective pharmaceutical ingredient for stroke therapy, which heretofore has been 
unsatisfactory. 

Claims 

1 . The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias 
and neurodegenerative diseases. 
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2. The use according to claim 1, characterized in that G-CSF is a polypeptide and/or 
a glycoprotein, and/or a derivative and/or an analog of G-CSF, which has granulocyte 
colony stimulating activity. 

3. The use according to claim 1 and 2, characterized in that G-CSF is synthesized 
either by chemical techniques (in the form of derivatives, analogs, isomers) and/or by 
recombinant techniques, and/or is isolated from cells that form G-CSF. 

4. The use according to claim I , characterized in that there are treated acute 
ischemias, such as apoplexy, cranial brain trauma or tumors. 

5. The use according to claim 1, characterized in that there are treated 
neurodegenerative diseases such as Parkinson's and Alzheimer's. 

6. The use according to claim t , characterized in that the pharmaceutical preparation 
is a solid, liquid or aerosol (such as a spray), 

7. A commercial pack comprising a pharmaceutical preparation containing G-CSF 
together with instructions for use of G-CSF in neuroprotective treatment of acute 
ischemia or of neurodegenerative diseases. 



